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Background and Objective: The Life-Space Assessment (LSA) is a validated tool that 
quantitatively measures mobility patterns in community dwelling older adults. Decreased 
life-space in this population is generally a strong indicator of limited physical function. 
However in a population with serious mental illness (SMI), decreased life-space may be 
an indicator of other impairments and barriers pertaining to mental, physical and 
psychosocial health. Measuring life-space in this population offers a novel opportunity 
that could address these underlying associations. Specific interventions could target ways 
to improve mobility once the associations are examined.  
 
Methods: A secondary analysis from the ACHIEVE trial was conducted. The trial was a 
successful behavioural weight-loss intervention that focused on promoting physical 
activity and healthy eating for persons with SMI. Life-space measurements were 
measured at baseline, 6-month and 18-month follow-up visits. Four different sub-scales 
measured life-space: the composite sub-scale, a daily sub-scale and a daily sub-scale for 
days when a person visited a psychiatric rehabilitation program (PRP) or did not. 
Measures pertaining to mental, physical and psychosocial health were assessed for their 
relationship on life-space at baseline and over follow-up.  
 
Results: For 198 participants at baseline the mean age was 45.5 (SD=11.0), over 55% 
had schizophrenia or a schizoaffective disorder, 22% had bipolar disorder, 14% had 
major depressive disorder, and about 63% of the whole population presented with 
depressive symptoms based on the CES-D cut-off of 16 points or more. Positive affect 
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was associated with an increase in all four of the LSA sub-scales at baseline while 
somatic symptoms were associated with a decrease in the daily sub-scale. Over time, 
decreasing life-space was associated with depressed affect and fewer activities with 
neighbors for days in which participants did not go to the PRP, but not for days in which 
they did. A decreasing life-space composite score and daily score were associated with 
problems surrounding interpersonal relationships and less social cohesion, respectively.   
 
Conclusions: The findings of this novel study suggest that life-space can be used to 
assess mobility patterns for persons with SMI and that this dimension of health can 
provide insight into a previously undocumented measure of health. The associations were 
more pronounced on days that individuals did not visit the PRP, indicating that social 
isolation could be associated with reduced mobility. The association between decreasing 
life-space and worse health outcomes that have been established in community dwelling 
older adults were also observed in this population. Promoting social engagement could 
increase mobility as well as subsequent health in this population.  
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Persons with serious mental illness (SMI) predominantly constitute a population with 
clinically diagnosed bipolar disorder (BD), major depressive disorder (MDD) and 
schizophrenia. According to a recent meta-analysis by Eaton et al., 2012, the median one-
year prevalence in the US population for schizophrenia is approximately 0.5% (IQR: 0.3-
0.6) and bipolar disorder has a similar one-year median prevalence of 0.6% (IQR: 0.3-
1.1). Major depressive disorder at 5.3% (IQR: 3.6-6.5), has a less precise estimate since 
there is a greater degree of variability in diagnosis due to the manifestation of symptoms 
(Eaton et al, 2012). SMI can include other forms of mental illness that have been 
diagnosed in the past year based on DSM-IV criteria. SMI may also be defined by 
functional impairment due to an emotional or behavioral disorder (Kessler et al., 2005; 
Center for Behavioral Health Stat., 2015).  
 
Individuals with SMI are particularly vulnerable to medical co-morbidities including 
obesity, diabetes, dyslipidemia, hypertension and heart disease as well infectious diseases 
such as HIV and Hepatitis B and C (Jones et al., 2004; Baughman et al., 2015; Daumit et 
al., 2010; Druss et al., 2011; Heald et al., 2016; Daumit et al., 2003). Compounding the 
issue of obesity-related illness, psychotropic medications that are essential for managing 
their symptoms are also a significant cause of weight-gain due to the side effect of 
increased appetite (Daumit et al., 2013; Avila et al., 2015; Naslund et al., 2015). The 
most common cause of death in this population is from cardiovascular disease (Baller et 
al., 2015; Daumit et al., 2013). Overall, people with SMI have mortality rates that are two 
to three times higher than the general population (Daumit et al., 2013; Piatt, Munetz and 
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Ritter, 2010; Miller, Paschall and Svendsen, 2006). According to one global estimate, the 
average life span for people with any mental health disorder is significantly reduced by 
10-15 years (Walker, McGee and Druss, 2015; Druss et al., 2011). This premature 
mortality is primarily attributed to physical co-morbidity rather than the mental illness 
itself (Druss et al., 2011; McGinty et al., 2015). 
 
There have been many well-documented measures to quantify the extent of physical, 
mental and psychosocial health in persons with SMI (Gardsjord et al., 2016; Oldis et al., 
2016; Gutierrez-Rojas et al., 2008). However, one health indicator that has yet to be 
studied in this population is mobility patterning.  
 
There are multiple factors that may influence the extent of mobility for persons with SMI. 
These individuals are more likely to experience social isolation due to alienation and 
stigma (Linz and Sturm, 2013; Adams, Ritter and Bonfine, 2015), while social isolation 
itself is a particularly strong marker of depression (Matthews et al., 2016; Choi, Irwin and 
Cho, 2007). In addition to this, persons with SMI are often dealing with active mental 
health symptoms on a daily basis and this may leave other forms of self-care, including 
healthy eating and exercise, as a secondary priority (Casagrande et al., 2010; Jerome et 
al., 2009; Aschbrenner et al, 2012). People with SMI are more likely to be 
undereducated, unemployed, single or divorced and in fluctuating or unstable housing 
situations (Druss et al., 2011; Piatt et al., 2010). They are more likely to be living in poor 
neighbourhoods, while also living with and witnessing violence and social distress 
(Adams et al., 2015). As such, the combined effects of mental illness, lack of physical 
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activity, social isolation and unfavourable neighborhood characteristics could be strongly 
associated with their mobility patterns.   
 
For this study, the Life-Space Assessment (LSA) questionnaire will quantitatively 
measure mobility patterns at baseline and over follow-up. The assessment is designed to 
measure a person’s movement and frequency of movement in their immediate 
environment. It has been validated as a way to measure mobility in community dwelling 
older adults (Baker et al., 2003; Peel et al., 2005; Stalvey et al. 1999). At baseline, the 
LSA is predictive in that lower scores are associated with worse physical and mental 
health outcomes (Baker et al., 2003; Peel et al., 2005; Crowe et al., 2008; Polku et al., 
2014; Portegijs et al., 2014; Lo et al., 2014; Bowling et al., 2014; Ritchie et al., 2008) as 
well as mortality (Boyle et al., 2010). The LSA can track mobility trajectories over time 
(Baker et al., 2003; Baker et al., 2015). For longitudinal studies, decreasing LSA scores 
are associated with decreasing health outcomes including kidney function (Bowling et al., 
2014) and disability relating to activities of daily living (ADL) (Portegijs et al., 2016), 
while increasing scores can be a measure of surgical recovery after hospital discharge 
(Brown et al., 2009).   
 
This study presents novel research in that the Life-Space Assessment can potentially 
inform us about how the spatial movement and frequency of movement for persons with 
SMI is associated with mental, physical and psychosocial health measures. Furthermore, 
mobility patterns can be assessed differentially for days when individuals visit psychiatric 
rehabilitation programs (PRP) and days that they do not. Days when the individuals do 
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not go the PRP can be particularly informative and can facilitate a better understanding of 




The objective of this study is to assess how measures of mental, physical and 
psychosocial health are associated with life-space at baseline and over follow-up for a 
population with serious mental illness. Examining these associations could highlight 








Participants who were interested in taking part in the trial were screened from ten 
outpatient psychiatric rehabilitation programs across Maryland. All of the participants 
satisfied the criteria for SMI. Study inclusion criteria meant that individuals had to be 
overweight or obese, older than 18 years of age and attended 1 of 10 psychiatric 
rehabilitation programs or their affiliated outpatient mental health clinics. Exclusion 
criteria were based on medical contraindications to weight loss, a cardiovascular event in 
the last 6 months, inability to walk, or active substance abuse disorders. Enrolment was 
from January 2009 to February 2011.  
 
ACHIEVE Trial 
The ACHIEVE trial examined the effect of a lifestyle based intervention on weight loss 
among adults with SMI who attended community based PRP. The trial demonstrated that 
an 18-month lifestyle intervention could effectively result in significant weight-loss by 
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providing participants with SMI strategies to alter their behaviors when compared to the 
control group. The trial centers were located at outpatient psychiatric rehabilitation 
centers and the individuals in the intervention arm had both active group sessions and 
individual sessions targeted to improve their diets and promote physical activity. The 
control arm was provided with information and did not partake in physical activity 
sessions (Daumit et al., 2013). The current post-hoc analyses examine participant life-




Participant Characteristics. Standardized methods were used to assess height at baseline 
and weight at baseline, 6 months and 18 months. Age and primary psychiatric diagnosis 
(schizophrenia, schizoaffective disorder, major depression, bipolar disorder and other) 
were extracted from patient records. The participants self-reported their socio-
demographic characteristics, living arrangements, marital status, and education. 
 
Life-space was assessed using the Life-Space Assessment (LSA) Questionnaire 
(Appendix). The assessment is designed to reflect mobility patterns occurring over the 
last week based on the unit of daily scores. There are 5 spatial levels that an individual 
may move to and from: other rooms of the house; places outside the house; places in your 
neighborhood; place outside your immediate neighborhood; and places outside your 
town. The frequency of travel through these concentric levels is used to develop a sense 
of the range in movement for an individual. In addition, the participants may indicate if 
assistance was needed for achieving a particular spatial level.  
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A daily life-space score was calculated (LS-daily) indicating the average maximal spatial 
level achieved was adapted from the maximal life-space (LS-M) as seen in Baker et al, 
2003. The LS-daily ranges from 0-5 with larger scores indicating greater life-spaces. For 
the purpose of this study, a general LS-daily was calculated as well as an LS-daily PRP 
on days the participant attended the PRP and LS-daily non-PRP, for those days the 
participant did not attend the PRP.  
 
The life space composite score (LS-C) is the most commonly used and cited sub-scale. 
For each day, there is an option specifying if assistance is needed from another person in 
order to be mobile. If assistance is needed then a score of 1 is multiplied by the LS-M, 
and if assistance is not needed then a score of 2 is multiplied by the LS-M. The score is 
then multiplied by the frequency of the level achieved: 1=less than once a week; 2=1-3 
times a week; 3=4-6 times a week; 4=daily. In total, the LS-C ranges from 0-120 with 
higher scores indicating a broader degree of independent movement throughout the week 
(Baker et al., 2003; Peel et al., 2005).  
 
A clinically defined increase or decrease for the LS-C is defined as a 10-point change 
(Baker et al., 2003; Brown et al., 2009). For the LS-daily sub-scale, including the PRP 
and non-PRP sub-scales, the clinically defined increase or decrease is 1-point, which is 
based on the clinically defined increase or decrease for the LS-M (Baker et al., 2003).  
 
For this study, four sub-scales are measured as primary outcomes: the LS-daily, LS daily 
PRP, LS-daily non-PRP and the LS-C. 
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Depressive symptoms were assessed using the Center for Epidemiologic Studies 
Depression Scale (CES-D), which consists of 20 items that reflect depressive 
symptomatology (Radloff, 1977). Each item is scored from 0-3 with higher scores 
representing greater duration and severity. The total score is continuous and ranges from 
0-60. The clinically defined cut-off for depressive symptoms is a score of 16 or more. 
The CES-D also has four factors that can be observed independently form one another. 
They include: depressed affect (7 items), positive affect (4 items), somatic symptoms (7 
items) and interpersonal problems (2 items). Positive affect has a reversed direction in 
that higher scores signal a better response. These four factors are measured as continuous 
variables.  
 
Symptoms and functional difficulties were assessed using the 24-item self-reported 
Behaviour and Symptom Identification Scale (BASIS-24) (Eisen et al., 2004). The 
overall summary is scored 0-4 with higher scores indicating greater severity of 
symptoms. The summary score is based on 6 subscales that are also scored from 0-4. The 
subscales include: depression and functioning, interpersonal relationships, psychosis, 
substance abuse, emotional lability and self-harm. The summary and sub-scale scores 
correlate well with other mental health measures including the SF-MCS (r: 0.12-0.75) 
(Eisen et al., 2004).  
 
Self-reported health status was assessed using the 12-item Short Form Health Survey 
(SF-12) which includes a mental health composite score (MCS) and a physical health 
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composite score (PCS) that assess physical and emotional limitations based on a 
normalized score from 0 to 100 (Ware et al., 1996). The scales are designed to represent 
the average scores for the US population based on 10-year age categories. For the age 
range of 45-54, a mean of 50 and a standard deviation of 10 have been established. For a 
person who scores 44, this would indicate that 84% of the population has a better 
physical or mental health composite score within this age range. The mean score 
decreases to 47, 44 and 39 with each increase in age category 55-64, 65-74 and >75 
respectively.  
 
The EUROQOL EQ-5D Index score was another self-reported health scale that was 
utilized. The score is a composite quality of life measure that focuses on five dimensions: 
mobility, self-care, usual activities, pain/discomfort, and anxiety/depression (Shaw, 
Johnson and Coons, 2005). The possible range for each of the dimension is 1 to 3, where 
1=no problems, 2=moderate problems, and 3=extreme problems. The EQ-5D is 
calculated as a population preference-weighted index score that ranges from 0.0-1.0, in 
which 0=death and 1=perfect health.  
 
Neighborhood characteristics were assessed using the Neighborhood Questionnaire that 
reflected the participant’s perception of their built neighborhood environment (Mujahid et 
al., 2007). The questionnaire has 36 items that focus on seven dimensions. The first five 
dimensions are: aesthetic quality (6 items), walking environment (10 items), availability 
of healthy food (4 items), social cohesion (4 items) and safety (3 items). For these 
dimensions, participants respond to questions based on a likert scale (strongly agree=1, 
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agree=2, neutral -neither agree nor disagree=3, disagree=4 and strongly disagree=5). The 
sixth and seventh dimensions of violence (4 items) and activities with neighbors (5 items) 
are measured as (often=1, sometimes=2, rarely=3 and never=4). All of the dimensions are 
measured continuously from 0-5, except in the case of violence and activities with 




This was a post-hoc study that used an available data analysis approach by excluding 
participants with missing LSA data at 18 months follow-up. The covariate distribution 
was compared between the excluded participants and the total analytic group using t tests 
for continuous variables and chi-squared tests for categorical and nominal variables 
(Table 1).  
 
1) Life-space change over time, testing the intention-to-treat principle  
A stratified analysis was used to determine that group assignment was not associated with 
the LSA sub-scales over time; two methods were tested. The first method used t tests to 
compare mean LSA sub-scales. The sub-scales did not differ between group assignments 
at baseline or at 18 months (p>0.05). Also the change from 18 months to baseline did not 
differ between group assignments and the clinical change in the sub-scales did not change 
between groups over 18 months (p>0.05). The second method used likelihood-based 
mixed-effects models with an interaction term between visit and group assignment. After 
establishing that the group assignments did not significantly impact the sub-scales 
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longitudinally at 6 months and 18 months (p>0.05), the null hypothesis was supported: 
that no intervention effect was found.  
 
2) Baseline associations between all covariates and life-space 
At baseline, linear regressions tested the association of the covariates on all four life-
space sub-sales (Table 2). Multiple linear regressions then adjusted for age, sex, race and 
group assignment (Table 3).  
 
3) Associations between physical, mental and psychosocial health measures and life-
space over time  
Two models assessed the LSA crude change over time. The first model looked at the 
change from baseline to 18 months for the LSA sub-scales with paired t tests, to account 
for the within-subject correlation. The second model looked at the change in LSA from 6 
months to baseline, and 18 months to baseline using likelihood-based mixed-effects, 
which allowed for random intercepts (Table 4). Clinically defined change for the LSA 
sub-scales were also observed, and presented as percentages for those who increased, 
decreased or remained stable (Table 5).   
 
Since life-space was measured at three visits, likelihood-based mixed-effects models 
were the appropriate modelling technique to analyze life-space change over time. The 
model can account for baseline or cross-sectional associations as well as longitudinal 
associations (Louis, 1986; Neuhaus and McCulloch, 2006). For these analyses, the 
associations between health measures of interest and life-space were tested, and adjusted 
 11 
for age, sex, race, site and visit. The regression model partitioned the baseline cross-
sectional effect and the longitudinal effect of the predictors into two separate estimates 
(Table 6). A test of equality assessed if there was a significant difference between the 
estimates for the cross-sectional and longitudinal effects.  
 
STATA (version 13.0 Stata Corporation, College Station, TX) was used for all analyses 






Out of 417 potentially eligible participants, 291 were randomized and assigned to either 
the control group or the intervention group. Life space measurements were available for 
244 participants at baseline and 46 people were excluded for missing outcome data at 18 
months. After these exclusions, there was a total analytic population of 198 participants.  
 
When comparing the total analytic group (N=198) to the excluded participants (N=46) at 
baseline, the former had a greater proportion that lived with a care provider or lived in a 
residential program (total analytic group: 56%, excluded participants: 39%, p=0.038) 
(Table 1). The total analytic group also scored higher on the SF-12 mental health 
composite score (p=0.018). The covariates were balanced across the groups. In the total 
analytic group, the average age was 45.5(SD=11.0), 53% were male, the mean weight 
was 221.4 pounds and the mean BMI was 35.4 kg/m2. About 57% of the sample 
identified as white, 36% black and 6% other. Thirty percent did not complete high 
school, 74% were never married or single and 77% were unable to work. For health 
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insurance, 84% had Medicaid and 50% were eligible for Medicare. About 57% were ever 
smokers while 42% were current smokers. The primary psychiatric diagnoses were 
schizoaffective disorder (28%) and schizophrenia (27%), followed by bipolar disorder 
(22%), major depressive disorder (14%) and other disorders (8%). A large proportion 
(63%) had depressive symptoms based on the CES-D 16 cut-off. The mean CES-D score 
was 20.5 (SD=11.0). The SF-12 PCS-score had a mean of 44.5 (SD=10.3) and the 
EUROQOL 5D Index score had a mean of 0.80 (SD=0.2).  
 
Age was associated with the LS-daily (-0.009 decrease in LS-C per year, p=0.03) and LS-
daily non-PRP sub-scales (-0.014 decrease in LS-daily non-PRP per year, p=0.048) in the 
simple linear regression models (Table 2). The four CES-D factors were added into one 
model and positive affect was associated with increases in the LS-C (0.9, p=0.04), the 
LS-daily (0.037, p=0.01) and the LS-daily non-PRP (0.06, p=0.009) sub-scales. A less 
desirable walking environment was associated with a decrease in the LS-daily non-PRP 
sub-scale (-0.3, p=0.024). Declines in the LS-daily and the LS-daily non-PRP sub-scales 
were associated with less activities with neighbors: -0.2, p=0.01; and -0.2, p=0.036 
respectively. After adjusting for age, sex, race and group assignment in the multiple 
linear regressions (Table 3), the same associations seen in the simple linear regression 
were observed, except age was marginal for the LS-daily non-PRP sub-scale (-0.013, 
p=0.06). Having a care-provider was also associated with a decreased LS-daily non-PRP 
sub-scale (-0.3, p=0.04).  
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In Table 4, baseline to 18-month measurements for the: LS-C was 69.68 to 71.71 
(p=0.25); LS-daily 3.57 to 3.70 (p=0.012); and LS-daily non-PRP days 3.10 to 3.35 
(p=0.002). A discrepancy in the LS-daily PRP sub-scale presented slightly different 
scores for Model 1: 4.05 to 4.05 (p=0.9); and Model 2: 4.05 to 4.04 (p=0.8). The clinical 
change in life-space for those who increased, decreased or remained stable is provided in 
Table 5. The LS-C scores increased, decreased and remained stable by about a third 
respectively. Just fewer than 77% remained stable for the LS-daily sub-scale, 73% 
remained stable for the LS-daily PRP sub-scale (N=163), and 61% remained stable for 
the LS-daily non-PRP sub-scale. The LS-daily non-PRP sub-scale had an increase of 
26% compared to 13% for the LS-daily PRP sub-scale. 
 
By observing the effect estimates from the mixed-effects models, the cross-sectional 
positive affect estimate at baseline was highly associated with an increase for all of the 
LSA sub-scales (LS-C: 0.9, SE=0.3, p=0.005; LS-daily: 0.04, SE=0.01, p<0.001; LS-
daily PRP: 0.02, SE=0.009, p=0.02; LS-daily non-PRP: 0.07, SE=0.02, p<0.001) and an 
increase in the longitudinal effect estimate for depressed affect was associated with a 
decrease in the LS-daily non-PRP sub-scale (-0.03, SE=0.01, p=0.02) (Table 6). Somatic 
depressive symptoms were associated with a decrease in the LS-daily sub-scale for the 
longitudinal effect estimate (-0.02, SE=0.008, p=0.025). An increase in the longitudinal 
effect estimate of the CES-D total score was associated with a decrease in the LS-daily  
(-0.008, SE=0.003, p=0.03) and LS-daily non-PRP (-0.01, SE=0.005, p=0.03) sub-scales. 
For an increase in the longitudinal effect estimate of interpersonal relationship problems 
in the BASIS-24, the LS-C decreased (-2.4, SE=1.2, p=0.04) and the LS-daily also 
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decreased (-0.09, SE=0.04, p=0.02) (Table 7). A decrease in the LS-daily sub-scale was 
associated with less social cohesion for the longitudinal effect estimate (-0.1, SE=0.04, 
p=0.04). As activities with neighbors decreased, so did the LS-daily for the cross-
sectional effect (-0.1, SE=0.05, p=0.038) and for the LS-daily non-PRP sub-scale, the 
longitudinal effect decreased as well (-0.2, SE=0.07, p=0.018) (Table 8). Other than a 
decrease in the LS-daily score for an increase in the cross-sectional effect estimate of the 
EQ-5D index (-0.4, p=0.049), no associations were found for any of the effect estimates 





This is the first study to look at the Life-Space Assessment (LSA) or mobility patterning 
in general, in a population with serious mental illness. In total, 198 participants had their 
mobility patterns measured over 18 months and significant associations were found 
between mental, physical and psychosocial health measures and life-space. A major 
strength of the study is its longitudinal design and ability to conduct sophisticated 
statistical analyses. The cross-sectional and longitudinal findings provide us with a 
greater degree of detail to examine the underlying associations in this population.  
 
A comparison of life-space can be made between this population and community 
dwelling older adults who predominate the life-space literature. We found that our 
population with SMI had a comparable life-space composite sub-scale at baseline (LS-
C≅70) to a number of other studies looking at older persons. The Life-Space Mobility in 
Old Age (LIPSE) cohort from Finland has produced a number of studies for older persons 
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(aged 75-90) that also match our baseline LS-C estimate. They include older adults who: 
were not disabled according to ADL status (Portegijs et al., 2016), had unrestricted life-
space (Viljanen et al., 2015), were goal seeking (Saajanaho et al., 2015), and were more 
likely to be men (Polku et al., 2015). Peel et al (2005) also found that increased life-space 
was more prevalent in males. Brown et al. (2009) had a similar LS-C for older persons 
who were not hospitalized and in Crowe et al. (2008) those aged 65-74 also had the same 
LS-C. Compared to a general population of older persons (75+), we found that persons 
with SMI scored 5-7 points higher (Crow et al., 2008; Baker et al., 2003; Peel et al., 
2005; Saajanaho et al., 2015) and >20 points for ages 80+ in a study by Al Snih et al., 
(2012). These comparisons suggest persons with SMI have similar life-space to older 
persons with no disability and who are more likely to be male; this is a salient finding.  
 
Despite differences in age and physical function, there are similarities between these 
populations for measures of mental health on life-space. At baseline, depressive 
symptoms have been strongly associated with a decreased life-space composite score 
(LS-C) in older people according to the CES-D (Polku, 2015; Viljanen et al., 2015; Al 
Snih, 2012; Boyle et al., 2010) and the geriatric depression scale (GDS) (Wheeler et al., 
2014; Baker et al., 2003; Peel et al., 2005; Crowe et al., 2008). Our analyses looked at 
both baseline and longitudinal change in symptoms. We found that depressive symptoms 
based on the CES-D total score were associated with a decrease in the LS-daily sub-scale 
and the LS-daily non-PRP sub-scale over time, but not the LS-C sub-scale. Baker et al. 
demonstrated that much steeper declines in life-space over time were associated with 
baseline depressive symptoms (Baker et al., 2003).  
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Only one study has looked at the four CES-D factors with life-space (Polku et al., 2015), 
but it was cross-sectional. That study found that somatic symptoms were associated with 
a decreased LS-C, but found no significant associations for the other three factors. In our 
study, somatic symptoms were associated with a decline in the LS-daily sub-scale over 
time, while depressed affect was associated with a decrease in the LS-daily non-PRP sub-
scale over time. Several studies have found evidence between poor physical health and 
somatic symptoms for older adults (Fonda and Herzog, 2001) and our findings could 
potentially reflect this phenomenon for persons with SMI.   
 
Our study also explored more psychosocial measures than had previous studies.  
If individuals do not go to the PRP, then it is not unreasonable to assume that they are 
more likely to remain homebound. Depression and lack of perceived social support can 
manifest into feelings of loneliness (Linz and Sturm, 2013; Aschenbrenner et al. 2013; 
Matthews et al., 2016) and it is possible that decreasing life-space reflected this. Two 
markers pertaining to worse psychosocial health were more pronounced for the LS-daily 
non-PRP sub-scale compared to the LS-daily PRP sub-scale, including depressed affect 
and activities with neighbors. According to Baker et al. (2003) the LS-M is a strong 
indicator of social support and lower scores correlate well with measures of mental 
health. We found evidence for this in that the LS-daily sub-scale decreased over time 
with lower levels of social cohesion. For the LS-daily non-PRP sub-scale, the same effect 
size was found but it was not statistically significant.   
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For all of the LSA sub-scales in our study, positive affect according to the CES-D was 
the strongest marker of increased life-space at baseline but the same association was not 
observed over time. Positive affect covers aspects of mental health including optimism, 
greater social connectedness and having a resilient coping response (Steptoe, Dockray 
and Wardle, 2009). Regular exercise is associated with greater positive affect in general 
(Steptoe et al., 2009) and our baseline results could be reflective of a pre-emptive feeling 
of positivity felt by the participants that was geared towards the life-style intervention. 
 
Difficulties with interpersonal relationships according to the BASIS-24 but not the  
CES-D were associated with a decrease in the LS-C and LS-daily sub-scale. Mojtabai et 
al. (2014) found that delays in seeking mental health care were associated with worse 
depression and functioning according to the BASIS-24 questionnaire. In this study, not 
going to the PRP could possibly be reflected in the depressed affect seen for that sub-
scale. In comparison to what Mojtabai et al. documented, we did find that effects were 
stronger on non-PRP days than on PRP days, although they were not statistically 
significant for the depression and functioning item the BASIS-24. Interpersonal therapy 
has been well documented and has been shown to be an effective behavioral intervention 
(Gallo et al., 2015; Dickerson et al., 2013).  
 
This study had a few limitations: 1) It was a secondary data analysis. The intention-to-
treat principle was tested to see if there was an intervention effect on life-space scores. 
Since no effect was found, group assignment was left out of the mixed models. 2) The 
analysis took the form of a cohort study and the sample size is naturally underpowered as 
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a result. This means that many of the associations could be underestimated. 3) The 
population under study represents community dwelling participants with SMI and is not 
representative of a population experiencing homelessness. It would be much harder to 
gauge life-space in a population without a defined home. 4) The population was defined 
as over-weight or obese and it is unclear if the same associations would be seen in normal 
BMI individuals with SMI. Ritchie et al. (2008) reported an arch-shaped relationship for 
BMI on life-space for older persons in their mid-seventies. The high-risk class (BMI>35) 
was 10 points lower than the overweight class (BMI>25 and BMI<30). It would be safe 
to assume that since the population under study is categorized as overweight or obese, the 
higher end of the BMI spectrum would produce similarly reduced estimates of life-space. 
 
Note on the statistical models 
There was almost 100% complete data for the 198 participants and missing data was not 
an issue. At 18 months, only the LS-daily PRP sub-scale had some missing life-space 
measurements (N=185) but this was negligible when the total observations were 
accounted for in the maximum likelihood-based mixed-effects models. Mixed-models 
work particularly well under a missing at random (MAR) missing data mechanism 
(Casagrande et al., 2010) when the mean and variation of the outcome can be observed 
and specified. In the case of the LS-daily PRP sub-scale, there was only 1% missing data 
for the total observations over follow-up.  
 
By partitioning the health measures into cross-sectional and longitudinal components, 
differences in directionality between health measures and life-space were observed. The 
 19 
cross-sectional effect of a health predictor could be a marker of mobility while the 
longitudinal effect may explain how the change in that predictor is associated with a 
change in life-space. Without specifying this difference, a longitudinal estimate alone 
does not explain the baseline association (Neuhaus and McCulloch, 2006). In addition, 
the effect estimates can even have opposite directionality (Adams et al., 1997). This bi-
directionality can be observed in the variable self-harm for the BASIS-24 and social 
cohesion in the neighborhood questionnaire, in which an increase in the cross-sectional 
effect increases the LSA sub-scales but over time, the longitudinal effect is observed in 
the opposite direction, a decrease. To illustrate the statistical property of the test of 
equality, social cohesion produces a significant difference between these estimates for the 
LS-daily sub-scale.  
 
CONCLUSION 
The findings of this novel study suggest that life-space can be used to assess mobility 
patterns for persons with SMI and that this dimension of health can provide insight into a 
previously undocumented measure of health. The associations were more pronounced on 
days that individuals did not visit the PRP, indicating that social isolation could be 
associated with reduced mobility. The associations between decreasing life-space and 
worse health outcomes that have been established in community dwelling older adults 
were also observed in this population. Promoting social engagement could increase 
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Table 1: Baseline characteristics of persons with Serious Mental Illness (SMI): 
comparing the total analytic group to the excluded participant group 













Age, year  
Male sex — n(%) 
Weight, lb.  
BMI, kg/m2  
Race — n(%) 
   White 
   Black 
   Other 
Hispanic ethnic group 
Not a high-school graduate — n(%) 
Never married/single — n(%) 
Lives in residential program or with 
care provider — n(%) 
Unable to work — n(%) 
Health insurance — n(%) 
   Medicaid 
   Medicare  
Psychiatric diagnosis — n(%) 
   Schizophrenia 
   Schizoaffective disorder  
   Bipolar disorder 
   Major depression 
   Other  
Smoking  — n(%) 
   Ever 
















































































   16 cut-off — n(%) 
   Continuous 0-60  
   Positive affect 0-12 
   Interpersonal Problems 0-6 
   Somatic 0-21 






















BASIS 24 Overall   
   Depression and functioning 
   Interpersonal relationships 
   Psychosis 
   Substance abuse 
   Emotional lability  






















SF-12 Mental Health 







EQ-5D Index Score 0.80(0.2) 0.8(0.2) 0.64 
Neighbourhood Questionnaire 
   Aesthetic Quality  
   Walking Environment 
   Availability of Healthy Food 
   Social Cohesion 
   Safety 
   Violence 

























*Bold signifies p<0.05. SD=standard deviation.  
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Table 2: The association between participant characteristics and Life-Space sub-scales at 



















β (p) β (p) β (p) β (p) 
Age (years)  
Sex: Male 
    Female (ref.) 
Group: intervention 
   Control (ref.) 
Race: Black 
   Non-black (ref.) 
Living with family 
With room-mates  
   Alone (ref.) 
Care-provider 




























































Bipolar disorder  













CES-D 16 symptoms 
   No symptoms (ref.) 
CES-D continuous 
   Positive affect* 
   Interpersonal problems 
   Somatic  





























BASIS-24 overall score 
   Depression and functioning 
   Interpersonal relationships 
   Psychosis 
   Substance abuse 
   Emotional lability  







































EQ-5D Index -12.7(0.1) -0.4(0.2) -0.19(0.4) -0.7(0.1) 
Neighborhood Questionnaire 
   Aesthetic Quality  
   Walking Environment 
   Availability of Healthy Food 
   Social Cohesion 
   Safety 
   Violence 

































Note: LS-C = life-space composite score; LS-daily PRP is the average maximal life-space over one week 
when participants visit the PRP; LS-daily non-PRP is the average maximal-life-space when participants do 
not go to the PRP. All models are unadjusted. β=regression coefficient; p<0.05 and is signified in bold 
type.  
* All four CES-D factors were run in one model and only positive affect was associated with the LSA sub-
scales.  
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Table 3: The association between participant characteristics and Life-Space sub-scales at 
baseline using multiple linear regression models  









































Living with family 
With room-mates:  
   Alone (ref.)  
Care-provider 
































Bipolar disorder  













CES-D 16 symptoms 
   No symptoms (ref.) 
CES-D continuous 
   Positive affect 
   Interpersonal problems 
   Somatic  





























BASIS-24 overall score 
   Depression and functioning 
   Interpersonal relationships 
   Psychosis 
   Substance abuse 
   Emotional lability  







































EQ-5D Index -14.7(0.09) -0.5(0.1) -0.2(0.4) -0.8(0.1) 
Neighbourhood Questionnaire 
   Aesthetic Quality  
   Walking Environment 
   Availability of Healthy Food 
   Social Cohesion 
   Safety 
   Violence 

































Note: LS-C = life-space composite score; LS-daily PRP is the average maximal life-space over one week 
when participants visit the PRP; LS-daily non-PRP is the average maximal-life-space when participants do 
not go to the PRP. All models adjusted for age, sex, race and group. β=regression coefficient; p<0.05 and is 
signified in bold type. 






Table 4: Life-Space change from baseline to 18 months 
  Life-Space sub-scales 







N=198   














































Note: LS-C = life-space composite score; LS-daily PRP is the average maximal life-space over one week 
when participants visit the PRP; LS-daily non-PRP is the average maximal-life-space when participants do 
not go to the PRP. Model 1 uses paired t tests and Model 2 uses likelihood-based mixed-effects models. 
P<0.05 and is signified in bold type. 






Table 5: Clinically defined change in Life-Space from baseline to 18 months 







LS-daily no PRP 
N=198  
















Note: LS-C = life-space composite score; LS-daily PRP is the average maximal life-space over one week 
when participants visit the PRP; LS-daily non-PRP is the average maximal-life-space when participants do 
not go to the PRP. Clinically defined change for the LS-C sub-scale is 10 points, and 1 point for the other 

















































































































































































































Note: LS-C = life-space composite score; LS-daily PRP is the average maximal life-space over one week 
when participants visit the PRP; LS-daily non-PRP is the average maximal-life-space when participants do 
not go to the PRP. All models adjust for visit, age, sex, race and site. The test of equality compares the 
cross-sectional and longitudinal estimates in the likelihood-based mixed-effects models. β=regression 






































































































































































































































































































Note: LS-C = life-space composite score; LS-daily PRP is the average maximal life-space over one week 
when participants visit the PRP; LS-daily non-PRP is the average maximal-life-space when participants do 
not go to the PRP. All models adjust for visit, age, sex, race and site. The test of equality compares the 
cross-sectional and longitudinal estimates in the likelihood-based mixed-effects models. β=regression 













Table 8: Cross-sectional and longitudinal associations between the Neighborhood 























































































































































































































































































Note: LS-C = life-space composite score; LS-daily PRP is the average maximal life-space over one week 
when participants visit the PRP; LS-daily non-PRP is the average maximal-life-space when participants do 
not go to the PRP. All models adjust for visit, age, sex, race and site. The test of equality compares the 
cross-sectional and longitudinal estimates in the likelihood-based mixed-effects models. β=regression 












Table 9: Cross-sectional and longitudinal associations between the SF-12 MCS, SF-12 
PCS, EUROQOL 5D Index and Life-Space 
















































































































Note: LS-C = life-space composite score; LS-daily PRP is the average maximal life-space over one week 
when participants visit the PRP; LS-daily non-PRP is the average maximal-life-space when participants do 
not go to the PRP. All models adjust for visit, age, sex, race and site. The test of equality compares the 
cross-sectional and longitudinal estimates in the likelihood-based mixed-effects models. β=regression 





































The example on the next page is taken from page one of the LSA Questionnaire. Item (F) 
was not needed in this analysis. The section first asks about the spatial movement that 
occurred “yesterday”, and then moves on to the “day before yesterday” and so on until 
the past seven days are assessed. All of the LSA sub-scales used in this study can be 
scored from this questionnaire.  
 35 
                                                         
 
Participant ID: __ __ __ __ __ __ __ __ __ __ __           
 
Staff ID: __ __ __                                                                                               
 
Date: __ __/__ __/__ __ __ __   
Visit (check one): □ Baseline     □  6 Month     □ 18 Month 
 
Life Space Questionnaire 
 
Today is ____________________, ____________________. 
   (day of week)    (date) 
We would like to ask you about places you may have been in the past week (last seven days).  There are 
no right or wrong answers.   
 
 
Lets start with YESTERDAY.  Yesterday was:         
1. Did you go to the (PRP) yesterday? 
o YES -1    
o NO  -2  
 
(If YES, ask question #2. If No, skip to question #3)  
 
2. How did you get to (PRP)? 
o Van or driver from PRP picked you up   1 
o Family member or friend or caregiver drove you  2  
o Walk   - 3  
o Public transportation – 4 
 
3. Yesterday, did you travel to:  
A.  Other rooms of your home besides the room where you sleep? O  Yes -1   O No-2 
B.   Places outside of your home, such as your porch, deck, patio,  O  Yes -1   O N0-2  
  driveway or yard?   
C.  Places in your neighborhood, other than your own yard or  O Yes -1   O No-2 
       apartment building? 
D.  Places outside your immediate neighborhood, but within the   O Yes -1   O No-2 
 city/county where you live? 
E.  Places outside of the city/county you live in?    O Yes -1   O No-2 
F.  Places outside of Maryland?      O Yes -1   O No-2 
 
(If YES to any of 3a-3f, ask #6.   If NO to skip #7) 
       
6. Did you need help from another person?       O Yes – 1  O No – 2 
 
 
7. Did you go to the (PRP) the day before yesterday, which was:      
  
o YES -1    
o NO  -2  
 
(If YES, ask question #8. If NO, skip to question #9)  
 
8. How did you get to (PRP)? 
o Van or driver from PRP picked you up  -  1 
o Family member or friend or caregiver drove you -  2  
o Walk  - 3  
o Public Transportation - 4 
Data Entered by (Staff ID): ___ ___ ___    
 
Date Entered: ___ ___/___ ___/___ ___ ___ ___ 
    
 
 
Sun    M    T   W   Th   F   Sat  





Sun    M    T   W   Th   F   Sat  
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